SUMMARY Twenty-eight children in remission at least 2 years after completing chemotherapy for acute lymphoblastic leukaemia were assessed on standardised psychological tests. It was found that 7 who never had central nervous system (CNS) irradiation and 9 having prophylactic CNS irradiation at least 6 months after diagnosis tended to perform at average or above levels, while those 10 each having prophylactic CNS irradiation (within 2 months of diagnosis) were generally of lower ability. Within the latter groap, 3 children showed serious intellectual impairnments, while the group as a whole functioned especially poorly on quantitative tasks and those involving speeded performance with abstract material. General language ability was not affected. Practical and theoretical implications are discussed.
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Research on the effects of brain insults early in life has led to two opposing views regarding subsequent recovery. It has frequently been argued that injury to the central nervous system (CNS) in the young is less severe than the effects of comparable injury in the adult, and that the developing organism is therefore endowed with compensatory mechanisms which the adult lacks. In line with this view, studies of brain injury (Lenneberg, 1967) have claimed that apparently similar degrees of injury have a less deleterious effect on the young than on the adult, and this applies especially to the recovery of language functions. The alternative to this hypothesis of sparing of the younger brain is the view that the less developed brain is, in fact, more vulnerable to adverse influences than the mature brain (Dobbing, 1968) . Thus, although extreme malnutrition does not appear to cause intellectual deterioration in the adult, the effects on the young are severe and often irreversible (e.g. Hoorweg and Stanfield, 1976 Indications of impairment such as these raise at least two questions for future research. Of major interest is the possible cause of impairment. Although CNS irradiation might be the crucial factor, other researchers have argued that chemotherapy, or an interaction between chemotherapy and CNS irradiation, may be as important (Price and Jamieson, 1975) . Reduced school attendance may also be involved, although this was not found to be so by Eiser and Lansdown (1977) . The child's intellectual growth may also be affected by psychological stress associated with unpleasant medical procedures, or by parents' and teachers' attitudes to the disease (e.g. McCarthy, 1975) . Finally, there may well be a deteriorating process associated with the disease itself. Under current treatment regimens it is not possible to isolate any of these causes. However, given previous findings regarding the effects of irradiation on intellectual ability (e.g. Wood et al., 1967) , this study attempts to assess children treated for ALL but differing primarily with regard to whether, and when, they received CNS irradiation.
A second question relates to the degree and type of impairment experienced by the child. Previous research has not been directed at the issue of whether the overall impairment noted is the result of a small generalised deterioration among all children (as would be predicted by the hypothesis of vulnerability), or whether a proportion of children show more serious deficits. In addition, it is not established that children treated for ALL show deterioration in all modes of intellectual functioning, or if some abilities are more at risk than others. Typically, in cases of brain injury, language ability is not affected, while measures involving problem solving in novel situations (Reed and Reitan, 1963) , or tests involving heterogeneous skills (such as in the coding subtest or the WISC; Reitan, 1966) are particularly sensitive.
Method
Twenty-eight children took part in the study; all being patients at the Hospital for Sick Children, the Royal Marsden Hospital, Sutton, Surrey, or the Royal Hospital for Sick Children, Bristol. The criterion for inclusion was that all children should have remained in remission for at least 2 years after completion of chemotherapy. For the purpose of the study children were divided into three groups according to when they had undergone CNS irradiation. One group of children had never had this form of treatment. A second group of 9 children had had prophylactic CNS irradiation at least 6 months after diagnosis; and a third group of 10 children had the more standard treatment of prophylactic CNS irradiation within 2 months of diagnosis. Details of the three groups are given in Table 1 .
In addition, the scores of 2 children will be considered separately. One child (A) had undergone CNS irradiation after a known CNS relapse, and a second child (B), although undergoing CNS irradiation early after diagnosis, had received a reduced dose (1000 rads) to the cranium. All other children undergoing CNS irradiation had received dosages in the region of 2400 rads to the cranium, while some had also had lower levels of irradiation to the spine.
All children were assessed individually using (1) the revised Wechsler Intelligence Scale for Children and (2)the Burt reading test.
Results
Children's scores on all tests were converted to the standardised forms, and mean standardised scores for each of the three groups were compared using Duncan's multiple ranges test (Table 2) . Nonsignificant differences between any two groups are Finally, the scores of the 2 children who were considered separately are shown in the tables where appropriate. The scores for the child having CNS irradiation following a CNS relapse (A) are lower than others undergoing delayed irradiation, but remain within a normal range. Further, this child still scored higher than half of the children undergoing early CNS irradiation. His reading age was, however, 2 years below his chronological age. The child undergoing early CNS irradiation but at a reduced level (B), scored higher than other children undergoing early CNS irradiation.
Discussion
These data suggest that the use of CNS irradiation does affect a child's subsequent intellectual ability. While the scores achieved by children in the nonirradiated groups are in the average to aboveaverage range, children in the early irradiation group scored in the very low average to average range. Although it is not possible to conclude that early CNS irradiation causes this lowering ofperformance, it is clear that these children constitute a group of lower intellectual potential.
It was previously reported that children treated for ALL at younger ages function at reduced rates compared with children beginning treatment after 5 years (Eiser and Lansdown, 1977) . Again it was found that children treated when younger scored lower than those treated when older for the group undergoing delayed CNS irradiation. The lack of positive correlations between children's scores and time elapsed since irradiation supports the notion that age of irradiation may be the critical factor. While the relationship between test scores and age of irradiation did not appear to be correlated among those undergoing early CNS irradiation, it is possible that the effect was masked due to the fact that 2 of the 3 children showing marked deficits had not begun treatment until 10 years of age. This finding is not reconcilable with the theory of sparing of the younger brain (Smith, 1974) , but could be predicted from a hypothesis of vulnerability (Dobbing, 1968) . Much evidence is accumulating to suggest that sparing of the younger brain is probably less common than originally thought (Stein et al., 1973) , and it is important to distinguish between recovery of functions and damage caused to functions before the actual development.
The scores of the 2 children undergoing slightly modified therapies are particularly useful in conjunction with the group data. In the one case where a child was known to have experienced a CNS relapse, it is clear that his scores remained within average levels, and surprisingly, above levels achieved by some children in the early irradiated group. The second child who underwent early irradiation but at a reduced rate scored higher than other children in the early irradiation group. It is clear that the psychological effects of irradiation must be assessed in relation to the treatment received by the individual and variations from general practice such as these should be monitored especially carefully.
In studies of this kind where multiple factors may be involved in the causation of intellectual deterioration, it may be possible to derive some preliminary indications of the relative importance of different factors by examining the child's performance on different tasks, rather than operating with general IQ scores. In this respect it is suggested that there is less evidence that general psychological stress associated with medical treatment is involved than that actual damage occurs due to CNS irradiation and/or chemotherapy. Measures of both stress and lack of school attendance could be expected to be associated with deteriorating performance on all tests, while it is not clear that they should affect specific tests while leaving language and reading ability unaffected. Further, it is precisely those tests (performance scale items, especially coding) that have previously been associated with brain damage in childhood (Reitan, 1974) , which are affected among these children. It is especially important to note those areas in which children treated for ALL might show special difficulties. Practically, the teacher may expect verbal achievements to be unaffected, while extra help in the area of quantitative skills may be a reasonable addition to the regular school curriculum.
As all children assessed were attending normal schools and following relatively normal lives, it may be tempting to discuss such deficits as trivial. It is clear on closer inspection, however, that not all children are coping with their environment as easily as might be assumed, and this is particularly disturbing because from a medical point of view they represent an extremely 'successful' group. If such problems exist at least 2 years after completion of treatment, it may well imply that children still undergoing treatment experience similar or even more serious problems.
As with other research on clinical populations, there has been a tendency to regard all children treated for ALL as a homogeneous group, regardless of differences between patients in other experiences or precise differences in medical treatment geared to individual needs (Kinsbourne, 1974; Searleman, 1977) . Having established that there is some cause to be concerned for the intellectual abilities of survivors of childhood leukaemia, it is clear that in the future closer attention to such variables is called for. Only by monitoring the psychological development of the individual as a function of his treatment protocol can we hope to establish the precise mechanisms of impairment among these children. 
